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Abstract

ceven different types of themophilic fungi such
> or miehei-1 & 11, Sporotrichum thermophile Thermoy
rom the compost of various localities. Amon

: ‘h\'tase ‘ |
for Pel'ﬂcntcd with diluent containing (g/L): (NH4)2SO4-
um production (4.16 U/mL/min) when 49, Volu’

14X} YIRE . :
:ﬁa’f 96 hrs conidial inoculation at 45°C using solid-stat

all the sources tested, wheat bran
5.0, KH,PO,: 1.0, Yeast extract; 2.0 gave

me of the 250 m[. conical flask was used
¢ fermentation

IntrodUCtion

in modern age of biotechnology, €nzymes have
other products of biotechnology with annyal sales ¢l
(EC 3.1 3.8), phosphatases that Catalyze the hydrolysi
chare in enzyme business due to its widespread applicat;
1998; Vohra & .Satyanar.ayana, 2003; Greiner & Koni
the bioavailibility of minerals, protein and phosph
reduce the phosphorus pollution in areas of intensiy
Ullah, 1996). The thermostability of phytase

gpplications in the pulp and paper industry as a biological agent to' remove p
acid. The enzymatic degradation of phytic acid will

environmental friendly (Ciofalo e al., 2003),

A large number of mncrqbes Including bacteria, yeast and filamentous fungi have
heen used for ph.ytase production. Selection of particular microbe depends on the nature

Solid-state fermentation (SSF) system has generated much interest in recent years

because it offers several economical and practical advantages including high product
concentration, improved product recovery, simple cultivation equipment and lower plant
operational cost (Becerra & Siso, 1996; Pandey et al., 2001). In view of Increasing
demand for phytase it is essential to produce phytase in a cost-effective manner. Phytase
equired for commercial feed preparation must meet following specifications i.e.,

I
|

icrmostability and activity over wider pH range, which is only possible with

iermophilic fungi. Therefore, the present study was conducted with the aim to isolate a

potent strain of thermophilic fungi from local habitat and optimize after screening for the
production of phytase.
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fungl 1. (1980); On.lO“]ate were picked up and transferred to POtato). ]

. tenance. The cultures were stored in a ref; “Xros
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310 from 3-5 dayS Old S . Yy ad
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gen
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. . volume) with Haemacytometer, Neubauzer Improved: precicdomber of |
i th profondeur 0.10 mm and 0.0025mm" area). " HBg,

ding 1
e ol
C aCid) ¢, ea:}z

°S- Ten grap
0y adding |

L of diluent. The flasks were cotton plugged and sterilized in an autoclaye, The fla},

room temperature and were then inoculated with 1 o . .
zlir;encs(i)gr]:ﬁ]‘l:z <ubstrate cultures were incubated at 45 + 2°C .for. 72 hrs. The tll*asizn\l\d;a:
<haken twice a day. All the experiments Were run parallel in triplicate. After SPecific i
of fermentation, 50 mL of 2.0% aqueous solution of CaCl,.2H,0 was addeq 0 cath fog
Flasks were put In a rotary shaker operated at 200 rpm for 2 hrs at room temperatyre fo}
he extraction of enzyme from fermented mass (Ebun.e et al., 1995). The suspensio; Wy
squeezed and it was centrifuged at 6000 x g for 20 minutes at 4°C. The clear Supematay;

was used for enzyme titer.

Phytase assay: Phytase activity was assayed after some modification of Harland &
Harland (1980) and Heinonen & Lahti (1981) methods using Sodium phytate as substrae
and the inorganic phosphorus released was measured spectrophotometerically by usin
the Taussky-Schoor reagent. Half milliliter of Sodium phytate (0.00682M) was added &
0.1 mL of MgSOy4 (0.05M) and 0.1mL of Sodium acetate buffer (0.2M). Enzyme soluin
(0.1 mL) was added to above mixture and the mixture was incubated at 50°C for3l |
minutes. After incubation, 1.0 mL of 10% tricarboxylic acid (TCA) was added along vt
2.0 mL of distilled water. Mixed well and 5.0 mL of Taussky-Schoor reagent was addl
Taussky-Schoor reagent was prepared when  10.0 ¢ Ammonium molybdate was mi.\'.fd
with 10.0 mL H,SO, (10N) and further diluted with 70.0 mL of deionized water. Thea !

g of ferrous sulphate heptahydrate (FeSO,.7H,0) was added and made the final vourr;
upto 100.0 mL. Absorbance was measured at 660 nm by using SPeC“OthOmeteralr
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s and Discussion
Res

qeven Strains of five different thermophilic fun

ola insolens, Rhizomucor miehei-] & 1. Sporotrichum thermopl
osus-1 & 11 were isolated from compost soil and were scr

juction. Aspergillus fumigatus produced 0,04 U/mL/min of phyta

Jens, Rhizomucor miehei-1 & 11, Sporotrichum thermophile, The
I'”S(

. 11 gave 0.22, 0.20, 0.76, 2.20, 0.20 and 0.53 U/mL/min res
1\ ;‘mophi\ic fungal strains screened for '
th :

gl such as Aspergillus fumigatus.
ile, Thermomyces
eened for phytase
s¢ while Humicola
Fmomyces lanuginosus-
pectively. Of the seven
richum thermophile was
d state wheat bran (Table

hermophilic fungi and found nine

‘ ' Phytase production like Rhizomucor pusillus,
Humicola ~ grisea, Sporotrichum thermophile,  Humicola insolens

Januginosus-1, Thermomyces lanuginosus-11, Rhizomucor miehei-
and Aspergillus - fumigatus. Singh & Satyanarayana (2008)

. also investigated that
has the potential for enhanced production of phytase.
The main product of a fermentation process often determ;

: : Ines the choice of carbon
source, particularly if the product results from the direct dissimilati

., Thermomyces
I, Rhizomucor miehei-11

!
|
|
|

no acid), vitamins and

subsequent studies (Table 2). It might be due to the reas
adequate amounts of nutrients like carbohydrates,

potassium and amino acids in the presence of

necessary for the adequate production of phyta

importance because the use of agricultural residues
substrates (Lynd et al., 2002).

on that wheat bran provided
proteins, fats, calcium, phosphorous,
oxygen supply. These nutrients are
se. These findings are of particular
are more feasible than that of purified




LSD arallel replicates. £ indicate
verage of three P . = ) standarq goo
Each value | mean 4 fferent letters differ significant| CViatjq
eplicates. Numbers followed i Bran, Diluent = M-I Y 8 p0.05, Fer n am0ng
:'gxe — 77 hrs, Carbon source = Wheat BIab, me"‘alion
‘ — b
iffere bon sources on phyta
. Effect of different car phytase progues:
Table 2 by Sporotrichum thermophile. Ction
Phytase activity
Corn seed 20']03 £0.03¢
Rice husk : 051* 0.002
Comn gluten A V1£0.07
Fish meal | 2'25 £0.002¢
Wheat bran 21£0.007°
Rice bran 0.32£0.007°
[SD 0.01
erage of three parallel replicates. + indicate standard deviation
anmn

different letters differ significantly at p<0 .05 Fermenty g
lon

different media consis .
compounds/extracts used as diluents such as M-l M-I1, M-IIT were compared wit, ¢
M-IV and M-V for the production of phytase. The eil;y and
| me

distilled water separately such as | |
timated with these was 722 U/mL/min., 1.46 U/mL/min., 1.46 U/mL/mip %

d 0.06 U/mL/min., respectively. Diluent (M-I) containing 0.1g/9y

KH,PO,, 0.2g/100mL yeast extract, 0.5g/100mL (NH4),SO4 was optimized as the 4
combination of nutrients for Sporotrichum thermophile to produce higher level of ph est
ie., 222 U/mL/min., (Fig. 1). It might be due to the reason that M-I salts combination }Y\?;s:
balanced proportion of macro and micro nutrients, required by the organism for growth ang
subsequent enzyme production, along with wheat bran. Other diluents may be lacking in
any of the components essential for the fungal growth and enzyme synthesis. M-] diluent
contains suitable amount of KH,PO4 (1.0 g/L) which gave optimum phytase level. Thus, the

production enhanced with the incorporation of inorganic phosphate as described by Vohra
& Satyanarayana (2003) & Vats & Banerjee (2004).
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Fig. 2. Effect of fermentation time on phytase production by Sporotrichum thermophile. Each value

s mean average of three parallel replicates. + indicate standard deviation among replicates. Letters
differ significantly at p<0.05. Carbon source = Wheat Bran, Diluent = M-I

The production of phytase by Sporotrichum thermophile with different Incubation
ume 1.e., 24, 48, 72, 96 and 120 hrs after inoculation was carried out using solid state
lermentation. Result showed that maximum phytase titer (4.158 U/mL/min) was achieved
after 96 hrs, further increase in incubation time has a negative effect on phytase
production (Fig. 2). This might be due to the reason that substances were more prone
lowards the synthesis of enzyme in the beginning while with the passage of time they
became less susceptible. And with the prolonged incubation times, the portions became
hydrolyzed by microbes which inhibited the enzyme secretion path way (Saha, 2003).
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g Table 3. Effect of depth of medium on ph:vtase production
| by Sporotrichum thermophile.
~ Weight of solid residue in Phijt/ase act.w.() ———g
bZSOlTIL flask (g) ( mL/mIPE) =
z 10 4.15+0.0] P
15 3.07 £ 0.04°"
20 2.08 + 0.09°
55 1.065 + 0.04¢
30 0.76 + 0.04¢
35 0.62 + 0.04"
40 0.42 £+ 0.03¢
LSD 0.08

Each value is mean average of three parallel replicates. + indicate standard deviation among

replicates. Numbers followed by different letters differ significantly at p<0.05. Fermentatjop,
time = 72 hrs, Carbon source = Wheat Bran, Diluent = M-I

ideration of the stoichiometry of respiration. gl\,/es an appreciation of the
pmb?;l:: cho:ilydgeern supply; it gives no indication of an organism's trge oxc)l/gen demanq a5 It
does not take into account the carbon that converted into biomass and pro ucts. ngever, it
is inadequate to base the provision of oxygen for a solid state femlentat:)on In conical ﬂgsk,
Production of phytase by Sporotrichum thermopl.ule .at different whfeatl fflan concentrations
ie., 10g, 15¢g, 20g, 25g, 30g, 35g, 40g was carried In 250 mL conica ask. The enzyme
activity with these concentrations was estimat.ed as 4.15 U/mL/rr}m, 3.07 U/mL/min, 2,93
U/mL/min, 1.06 U/mL/min, 0.76 U/mL/min, 0.62 U/mL/min and 042 U/mL/min

i id- jon, it is optimized that one fourth of the
respectively (Table 3). In solid-state fenne.:ntatfon, 1 .
avzﬁlable space of the vessel (conical flask) is suitable for better yield of enzymes.

Acknowledgements

The authors gratefully acknowledge the officials of HEC for financial and technicg]
support.

References

Becerra, M. and M.LG. Siso. 1996. Yeast B-galactosidase in solid state fermentation. Enzyme
Microb. Technol., 19: 39-44.

Bogar, B., G. Szakacs, J.C. Linden, A. Pandey and R.P. Tengerdy. 2003. Optimization of phytase
production by solid substrate fermentation. J. Ind. Microbiol. Biotechnol., 30(3): 183-189.
Chadha, B.S., H. Gulati, M. Minhas, H.S. Saini and N. Singh, 2004. Phytase production by the

thermophilic fungus Rhizom Rhizomucor pusillus, World J. Microbiol. Biotechnol. 20: 105-
109.

Ciofalo, V., N. Barton, K. Kretz, J. Baird, M. Cook and D. Schanahan. 2003. Safely evaluation of a

phytase, expressed in Schizosaccharomyces pombe, intended for use in animal feed Regul.
Toxicol. Pharm., 37(2): 266-292.

Clark, W.D., K.E. Wohlt, R.L. Gilbreath and P.K. Zajar. 1958. Phytate phosphorus intake and
disappearance in the gastrointestinal tract of high producing dairy cows. J. Dair. Sci., 69:
3151-3155.

Cooney, D.G. and R. Emerson. 1964. Thermophilic fungi: An account of their biology, activities
and classification. W.H. Freeman & Co., San F rancisco, Calif,



A

l'liRlNG OF THERMOPHILIC FUNGI FOR PHYTASF PRODUCTION 3611
(l'l CH. w. Gams and T.H. Anderson. 1980 Com »

o . : endi il i - .
Vork Toronto, San Francisco. pendium of soil fungi. Academic press,
NeW Asheh and Z. 1ak
| g Al-As ( Duvnjak. 1995, pro

. | | \ ductio ara: odeval |
i qtation using Aspergillus ficuum NRRL 3135 in " O phytase during solid state

pul™ . ‘ . ﬁ
P ferm¢ d U. Konietzny. 2006. Phytase for food canola meal. Biores. Technol, 53: 7-12.

an cati ‘ ‘
R ) application. Food Technol Biotechnol.,

v (~B‘ + and J. Harland. 1980. Fermentative reductio

-1
Dﬂm'“l

. , 0 . R colorimetric d ination of | |
,inon ‘ d its appl : rc determination of inorganic
He 10PhObphale - ppiication 1o the assay of Inorganic pyrophosphatase. Anal Bio(‘;me

'M N. and R.K. Poole. 1989. Metals and Microor

Hugh®™ M..N- and RK. Poole. 1991, Metal ganisms. Chapman and Hall. London.

Speciation and microbial growth - the hard and soft

con Cmaniy\ o B £ : . Diagnostic Microbiology, 3 Ed. p. 608.

- rus. 2002. Microbi P
fundamcmals and biotechnology. Microbiol. Mol. Biol Rev., 66: ?(32?51?717 g Lot utlization

Coy. M. 1998. Enzymes emerge as big AG feed supplements. Chem. Eng. News, 4: 29-30

M : |
" AH.S.. D. Allosopp and O.W. Eggins. 1986. Smith Ini - . o
£d. Edward Arnold Publishers, London, pp. 187-188. ntroduction to Industrial Mycology. 7

pandey A., G. Szakacs, C.R. Soccol, J.A. Rodriguez-Leon and V.T. Soccol. 2001. Production.

| d properties of microbial ph '

purification anc _ 1al phytases. Bioresour. Technol., 77(3): 203-214.

saha. C 2003. Hemicellulose bioconversion. Ind. Microbiol. Biotechnol.. 30: ?f?g-29l.

Singh. B- aﬂ? IT .iag Ellil:iarsetle}lltin?. 2006{ P hytasz production by thermophilic mold Sporotrichum
thermophiie 1 - crmentation and its application in dephytinizati i
cake. Appl. Biochem. Biotechnol., 133(3): 239-250. pyimization of ST

Singh, B. and T Sawanarayana. 2008. Ph.ytase production by a thermophilic mould Sporotrichum
thermophile 1n solid-state fermentation and its potential applications. Bioresour. Technol.,
99(8): 2824-2830.

gnedecor, G. and W.G. Cochrane. 1980. Statistical Methods. 7" Edition, lowa State Univ., pp. 80-
86.

vats, P. and U.C..Banerjee. 2004. Production studies and catalytic properties of phytases (myo-
inositolhexakisphosphate phosphohydrolases): an overview. Enzyme Microb. Technol., 35(1):
3-14.

vohra. A. and T. Satyanarayana. 2003. Phytases: Microbial sources, production, purification and
potential biotechnological applications. Crit. Rev. Biotechnol., 23(1): 29-60.

whitaker, A. 1973. Fermentation economics. Process Biochem., 8(9): 23-26.

Wodzinski, R.J. and A.H.J. Ullah. 1996. Phytase. Adv. Appl. Microbiol., 42-46: 263-302.

(Received for publication 18 October 2009)




